human taeniosis occurs mainly through consumption of undercooked or raw meat or offals from cattle (for T. saginata) or from pigs (for T. solium and T. asiatica) (Ito, Nakao, & Wandra, 2003; Van De, Le, Lien, & Eom, 2014) . Likewise, humans get infected with trichinellosis through consumption of undercooked or raw pork that is infected.
Cysticercosis refers to a parasitic tissue infection caused by larval cysts of Taenia spp. in humans and animals (Eom, Jeon, & Rim, 2009; Garedaghi, Saber, & Khosroshahi, 2012; Qingling et al., 2014; Satoskar, Simon, Hotez, & Tsuji, 2009 ). Though it is responsible for bovine cysticercosis in cattle, the larval stage of T. saginata does not cause cysticercosis in humans. On the other hand, the adult stage of T. solium causes human taeniosis while the larval stage causes cysticercosis (including neurocysticercosis) in humans. Neurocysticercosis (NCC), a severe form of cysticercosis, is caused by the presence of the larval stage of T. solium in the central nervous system (Symeonidou et al., 2018) . T. asiatica is comparable to T. saginata except that pigs are the preferred intermediate host, while the liver is the preferred location of the T. asiatica cysts. The parasite causes taeniosis in humans, but it is still not clear whether it causes cysticercosis in humans (Eom & Rim, 1993) .
Trichinellosis is also a parasitic disease caused by nematodes of the genus Trichinella, with nine species and at least 12 genotypes being recognized (Murrell & Pozio, 2000) . Though Trichinella spiralis is the most widely distributed, others species like Trichinella britovi, Trichinella pseudospiralis, Trichinella papuae among others, have also been implicated in human diseases in different parts of the world (Pozio, Hoberg, Rosa, & Zarlenga, 2009; Takahashi, Mingyuan, & Waikagul, 2000) . Pigs are the most important source of human trichinellosis infection, though a number of other animals are also epidemiologically important hosts (Dupouy-Camet, 2000; Leiby, Duffy, Murrell, & Schad, 1990) .
The WHO classifies taeniosis and cysticercosis as neglected tropical diseases with a worldwide distribution (WHO, 2015) .
Approximately 45 to 60 million people are reportedly infected with T. saginata across the world (Carabin et al., 2011) , with East Africa, Bali island in Indonesia and Tibet regions having relatively higher rates (>20% of the population). This parasite is also said to be endemic in the Middle East, America and Europe (White & Brunetti, 2015) . Transmission of T. asiatica shows an important ethno-geographical association, given the specific conditions needed to complete its life cycle (i.e., consumption of raw or poorly cooked pig liver) (Ale et al., 2014) . Presently, T. asiatica has only been reported in Asian countries, especially among rural populations with a tendency to eat undercooked visceral organs (liver, omentum, serosa and lung) of pigs (Eom et al., 2009 ).
Taenia solium is regarded as the most serious tapeworm species to humans. The 2010 WHO global burden of foodborne diseases study estimated that T. solium cysticercosis was responsible for 370.710 illnesses, resulting in 28,144 deaths and 2.78 million disability-adjusted life years (DALYs) (Torgerson et al., 2015) . People living in areas with inadequate sanitation and hygiene, and with presence of free-roaming pigs (WHO, 2015) , throughout Africa, Asia and South and Central America, are particularly at risk of infection with T. solium (Coyle et al., 2012; Murrell, 2005) . Neurocysticercosis is endemic in most developing countries, where favourable conditions like a warm climate, severe poverty, illiteracy, free-ranging pigs and poor sanitation exist (Wallin & Kurtzke, 2004) .
A number of Trichinella spp. have been detected in domestic and wild animals all around the world except in Antarctica (Pozio, 2007; Pozio & Murrell, 2006) . Although humans are accidental hosts (Kennedy, Hall, Montgomery, Pyburn, & Jones, 2009) , human trichinellosis is estimated to affect at least 11 million people in about 55 countries (Kapel, Webster, & Gamble, 2005; Pozio, 2007) with about 10,000 clinical cases reported each year (Pozio, 2007) . Rodents, particularly rats, are primarily responsible for retaining the endemicity of the disease, while carnivores and omnivores get infected through ingestion of infected rodents or other carnivores or omnivores (Mahdavi, 2009 ).
Cultural differences in eating habits and religious dietary restrictions remain key in influencing the global distribution of taeniosis, cysticercosis and trichinellosis. As such, foodborne pathogenic diseases like cysticercosis and trichinellosis were believed to be practically non-existent in Islamic countries such as Iran, owing to the Islamic dietary laws which prohibit consumption of pork (Najmieh, 1992) . However, while the few cases of foodborne zoonoses that have been reported in parts of Iran may not be significant, they still warrant some attention given the increased cross-border movements, immigration and wildlife hunting activities practised in some regions. This study therefore sought to conduct a review of existing literature to ascertain the epidemiology of taeniosis, cysticercosis and trichinellosis in Iran.
Impacts
• Taenia saginata infections were most prevalent with a significant number of bovine cysticercosis and human taeniosis cases being reported in different parts of Iran, making it a public health concern.
• Taeniosis resulting from Taenia spp. was restricted to wild boars, rook and pigs (domesticated and wild) in Iran, making it of little significance to public health in Iran.
• Except for one seropositive case, there was no publication on human trichinellosis in Iran. However, T. britovi, T. spiralis, T. murrelli and T. nelsoni were detected among several carnivores, rodents and wild boars in Iran.
• The Islamic religious laws, which strictly forbid consumption of pork among Muslims, could be the reason for the near absence of human taeniosis resulting from T. solium and human trichinellosis in Iran.
• Based on the review, prevalence of foodborne zoonoses in a large portion of Iran has not yet been studied. This necessitates more studies covering the whole country and focusing on a wide range of organisms, to determine their actual prevalence in Iran.
| ME THODS

| Review design
In this systematic review, the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) system was used to search for articles published between 1967 and 2018 and reporting on taeniosis, cysticercosis and trichinellosis in Iran. We systematically searched for articles reporting on the three diseases within Iran in PubMed, Web of Science, Google Scholar, SpringerLink, SCOPUS, WHOLIS, FAO and Center for Disease Control and Prevention databases. To maximize the search and reduce selection bias, the exercise was restricted to English articles only using a number of key terms, among them: "T. solium," "T. saginata," "T. asiatica," "human tapeworms," "cysticercosis," "neurocysticercosis," "taeniosis," "Trichinella," "T. spiralis," "trichinellosis," "trichinosis," "beef tapeworm" and "pig tapeworm" in Iran. During the search, articles were first selected from the various databases using their titles and thereafter screened for eligibility based on the content of their abstracts. A full-text review was conducted on all the articles.
During the review process, data were extracted from each of the selected articles by filling a table containing several subsections, including year of study, disease type/parasite, study design, study region, sample size and author. Extraction of information followed the PRISMA checklist (Appendix S1) and the PRISMA flow chart (Figure 1 ).
| Inclusion and exclusion criteria
Only articles describing findings on taeniosis, cysticercosis and trichinellosis in Iran were included in this review. All non-verified sources of information and studies conducted outside the borders of Iran were excluded.
| Study article selection
After assembling articles from the different databases, duplicates were excluded and titles together with abstracts of the remaining articles critically evaluated. Those that did not address prevalence, and/or incidence of taeniosis, cysticercosis or trichinellosis in humans and animals within Iran were excluded. Articles that were not written in English were also excluded together with those that focused on other foodborne diseases besides taeniosis, cysticercosis or trichinellosis in Iran. Risk of bias was reduced by inclusion of published reports only, and exclusion of studies whose sampling strategy was not comprehensive, such as unidentified sample source(s) or where the sample size was missing.
| RE SULTS
The PRISMA flow chart for selecting suitable articles for this review is shown in Figure 1 . A total of 934 articles were sourced from indexed scientific databases: PubMed, SpringerLink and SCOPUS and another 1,017 articles from other databases like Google Scholar, Web of Science, WHOLIS, FAO and CDC databases to make a total of 1,951 articles. All the 1,951 articles were listed in MS Excel, and 321 articles presenting duplicate titles were removed to obtain 1,630 articles. Further screening was done by title and relevance, and a total of 987 articles excluded from the review, leaving a subset of 643 articles. Abstracts of the 643 articles were assessed for eligibility, and 606 articles that failed to meet the eligibility criteria were excluded at this point, leaving 37 eligible articles for review. Of the 37 articles that underwent full review, 10 (27.0%) reported on human taeniosis, 15 (40.5%) on cysticercosis and 12 (32.5%) on trichinellosis. Geographically, the 37 studies were confined to 19 of the 31 provinces of Iran, representing 55.9% of the country's provinces (Figures 2 and 3) . 
| Taeniosis (T. saginata)
A total of 10 articles reported on human taeniosis in Iran, 6 (60%) of which were case reports, while 4 (40%) were studies on samples (stool, urine, blood, resected appendices) obtained from human subjects ( 
| Taenia saginata cysticercosis (bovine cysticercosis)
More than 70% of the bovine cysticercosis studies were conducted in the western and northern parts of Iran. Garedaghi et al. (2012) examined various organs of 500 cattle slaughtered at Meshkinshahr 
| Trichinellosis
| Trichinellosis among wild animals
The four Trichinella species, T. britovi, T. spiralis, T. murrelli and T. nelsoni, were encountered among different wild animals in Iran. 
| Trichinellosis in humans
One case of human trichinellosis was reported in Mazandaran Province, northern Iran, by This excludes a large portion of the country and therefore generalization of the results to reflect the prevalence across the whole country would not be accurate, given the social, cultural and religious differences that exist among the various communities residing in different regions across the country. Nevertheless, the seemingly little attention given to cysticercosis and trichinellosis in Iran could be attributed to the fact that Iran is an Islamic country, where such diseases are considered insignificant.
| Human taeniosis resulting from T. saginata infection
In the current review, all human taeniosis infections reported in Iran were as a result of T. saginata infection; following recovery of adult tapeworm proglottids from a number of patients presenting with varied symptoms at different hospitals in Iran. Besides the case studies, human taeniosis (T. saginata) prevalence ranging from 0.025% to 0.5% was reported among study subjects in the current review. In comparison, studies conducted elsewhere have shown relatively higher prevalence levels of human taeniosis resulting from T. saginata infection especially in cattle-breeding areas of the world. For instance, human taeniosis prevalence reported in areas regarded as endemic were between 0% and 13.9% in Africa, 0.24% and 17.25% in Latin America and 0% and 3.02% in Asia (Coral-Almeida et al., 2015) .
Human taeniosis resulting from T. saginata infection in Iran was attributed to consumption of inadequately cooked contaminated beef (Heidari et al., 2016; Ahmadi & Seifmanesh, 2011; Kia et al., 2005; Nasiri et al., 2009; Sheikhian, 2013; Saravi et al., 2016; Soosaraei et al., 2017) . King, Jessica, and Fairley (2015) also acknowledge that consumption of "measly" (i.e., cyst-infected) uncooked or undercooked beef is the usual means of transmission.
Likewise, Heidari et al. (2016) Even though 70% of all studies on T. saginata taeniosis were conducted in the northern part of Iran, as per the current review, a previous study by Arfaa (2010) reported a countrywide distribution of T. saginata, though the author noted that the parasite was more prevalent in rural areas of Mazandaran Province where cattle breeding is common (Arfaa, 2010) . This could partly be the reason for the considerable attention given to the northern part of Iran by many researchers studying T. saginata taenisosis and related meatborne diseases in Iran.
| Bovine cysticercosis (T. saginata cysticercosis)
In the current review, most studies on T. saginata cysticercosis among cattle were reported in seven of the 31 provinces of Iran, most of which are located to the western and northern parts of the country. However, few other studies were carried out in central and southern parts of Iran; pointing to a possible countrywide distribution. To establish the actual prevalence of bovine cysticercosis, countrywide studies incorporating all regions of Iran are necessary.
Collectively, prevalence of bovine cysticercosis among cattle in
Iran ranged between 0.6% and 7.7% (Faraji et al., 2015; Hashemnia et al., 2015; Hosseinzadeh et al., 2013; Mirzaei et al., 2016; Oryan et al., 2012) . These rates compared fairly to the 3.6%-7.5% prevalence rates reported among cattle slaughtered in local abattoirs in Ethiopia 2012), 0.21% in Mexico (González et al., 2015) and 9.07% reported among buffaloes slaughtered in Egypt (Fahmy et al., 2015) . However, these rates were much lower compared to the 22.9% reported in
Hawassa municipal abattoir in Ethiopia (Belachew & Ibrahim, 2012) and 26.2% reported in Nigeria (Opara, Ukpong, Okoli, & Anosike, 2006; Usip, Isaac, Amadi, Utah, & Akpaudo, 2011) .
Variation in prevalence of bovine cysticercosis in different countries and even across regions within the same country may be attributed to the level of animal husbandry and the kind of sanitary and hygienic practices that exist among area residents. In addition, the choice of diagnostic technique used can dictate the accuracy of the results. For instance, most of the available data on bovine cysticercosis in Iran were generated by routine meat inspection. Like was the case in Iran, routine meat inspection remains the cornerstone for diagnosis of bovine cysticercosis in many countries, especially the developing ones with limited resources (Dorny & Praet, 2007) .
The fact that the greatest frequency of cysts in affected cattle is often found in the masseter muscles, heart muscles, triceps muscles, thigh muscles and even the tongue makes the method of diagnosis very important (Garedaghi et al., 2012) . Because, an inattentive meat inspector may easily miss out viable cysticerci that normally blend with the colour of meat thus underestimate the prevalence, thus exposing meat consumers to risk of ingesting the larvae. In addition, precision of the visual identification is also questionable as the cysticerci can be confused with lesions caused by other infections (Ogunremi, MacDonald, Geerts, & Brandt, 2004) . Official meat inspection reports are therefore considered an underestimation of the real prevalence as meat inspection has a low sensitivity for the detection of cysts in muscles (Dorny et al., 2000) .
Some researchers estimate the sensitivity of meat inspection for detection of bovine cysticercosis to be as low as 16.5% or between 10% and 30% (Eichenberger et al., 2013) . Laranjo-González, Devleesschauwer, Gabriël, Dorny, and Allepuz (2016) In areas where animal husbandry practices are poor, prevalence of parasitic infections like T. saginata cysticercosis is likely to be high particularly among free-ranging cattle which are more likely to consume contaminated water or forage (González et al., 2015) . Heavy infestation with T. saginata cysticerci often leads to condemnation of carcasses, making it economically important. Therefore, irrespective of region, accurate determination of T. saginata prevalence is paramount for its control and prevention.
| Taeniosis resulting from T. solium infection
Of the 37 articles reviewed in the current study, no single case of T. solium taeniosis was reported among humans in Iran. On the contrary, relatively higher infection rates have been reported in other areas across the world such as Vietnam, where up to 13% of the people in rural hotspots were reportedly infected with T. solium (Ng-Nguyen et al., 2017) . Given that T. solium taeniosis is transmitted to humans through consumption of pork, Islamic dietary laws which strictly forbid pork consumption among Muslims could have been responsible for the absence of T. solium taeniosis among humans in Iran. In the current review, a few studies however reported on T. solium cysticercosis among wild boars (Eslami & Farsad-Hamdi, 1992; Solaymani-Mohammadi et al., 2003) as well as domesticated and wild pigs (Afshar, 1967 
| Taenia solium cysticercosis (neurocysticercosis)
In the current review, one case of neurocysticercosis was reported in a 65-year-old male patient at Shohada Hospital emergency department in Iran, following a CT scan on his brain that revealed multiple cystic deep parieto-occipital lesions, which induced midline shifting and moderate hydrocephalus (Farahani et al., 2013 
| Trichinellosis
In the current a total of 12 articles reported on trichinellosis out of which, only one study focused on human trichinellosis (that also included wild boars) while the rest investigated trichinellosis in wild animals.
| Human trichinellosis
In the single case of human trichinellosis in Mazandaran Province, northern Iran, reported a 2.1% seroprevalence rate. This was relatively low compared to prevalence rates reported in Turkey (4%), Greenland (22%), Indonesia (19.8%), Argentina (4.5%), Papua New Guinea (10%), Estonia (3.3%), East
Greenland (3.1%), Laos (19.1%) and China (3.1%-5.3%) (Rostami, Riahi, et al., 2018) . According to Pozio (2007) , different eating habits exhibited by different communities are responsible for the transmission and spread of the trichinellosis from animals to humans (Pozio, 2007) . Islam being the religion of a majority of the Iranian people, Islamic dietary laws could be the main reason for the near absence of human trichinellosis in Iran. While pork is considered as a major source of human trichinellosis infection, meat from wild boars, horses, bears, badgers, dogs and walruses are also known to play an important role (Alonso, Herrero, Vieites, & Espiñeira, 2011; Murrell & Pozio, 2011) .
The wild boars-considered as important sources of trichinellosis-are indigenous in many countries, with recent outbreaks of trichinellosis reported worldwide being attributed to consumption of their meat (Faber et al., 2015; Fichi et al., 2015; Padovani et al., 2014) . Such outbreaks indicate the potential role that wild boars play as reservoirs for human trichinellosis infection (Faber et al., 2015) .
In Iran, wild boar population has grown rapidly in recent years and they are now reported in dense populations in different parts of the country, making them potential reservoirs of zoonotic diseases such as trichinellosis (Mansouri, Sarkari, & Mowlavi, 2016) . 
| Trichinellosis among animals
In the current review, T. britovi and T. spiralis were the most prevalent species detected among wild animals particularly carnivores and wild boars in Iran, while two different studies reported T. nelsoni and T. murelli among mongoose and wild boars, respectively, in Iran. Wild boars are considered the second most important potential sources of trichinellosis for humans (Rostami et al., 2017; Rostami, Riahi, et al., 2018) . In comparison with the T. britovi prevalence rate of 3.7%-5.7% reported among wild boars in Iran, a study conducted on the global seroprevalence of Trichinella infection among the wild boars in 15 countries revealed a 6% Trichinella spp. seroprevalence among wild boars with 9%, 7%, 3% and 3% seroprevalence reported among wild boars in North America, Europe, Asia and Oceania, respectively.
The researchers emphasized that the common feeding habit among wild boars of scavenging on animal carcasses makes them highly susceptible to parasitic infections. On the other hand, a contaminated wild boar carcass is capable of infecting a large number of people (Rostami, Riahi, et al., 2018) . Given that Iranian Armenians, Jews and Zoroastrians may consume wild boar meat after hunting (Mahdavi, 2009; , educational programmes for hunters and consumers are necessary especially in high-risk regions of the country.
Occurrence of Trichinella in herbivorous animals which until recently were mostly considered as Trichinella free is increasing. Flis, Popczyk, and Rataj (2017) noted that approximately 250 mammals and bird species may act as reservoir host for Trichinella spp., making the parasite have unlimited capability to infect human beings.
While there were no reported cases of trichinellosis among domestic animals in Iran, the few cases reported among wild animals (mainly the wild boars) in Iran confirm the existence and circulation of Trichinella spp. parasites in Iran which necessitates further research.
| CON CLUS ION
All human taeniosis and bovine cysticercosis cases in Iran were attributed to the adult and larval stages of T. saginata, respectively, making the parasite most common and of greater economic and public health significance. T. solium taeniosis and trichinellosis are however of little public health significance with just one human trichinellosis and one neurocysticercosis case reported in Iran. However, presence of Trichinella spp. among wild animals implies that there is a potentially high risk of transmission to human, especially among the minority non-Muslims who practice hunting in the country. There is a need to conduct more studies covering the whole country to accurately ascertain the prevalence of taeniosis, cysticercosis and trichinellosis in Iran.
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